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THIN FILM TRANSISTOR INCLUDING A
CATALYTIC ELEMENT FOR PROMOTING
CRYSTALLIZATION OF A
SEMICONDUCTOR FILM

This application 1s a Continuation of Ser. No. 08/462,
744, filed Jun. 5, 1995, now abandoned; which 1tself a

division of Ser. No. 08/210,764, filed Mar. 21, 1994.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor
(TFT) comprising a thin film of a non-single crystal
semiconductor, and to a process for fabricating the same.
The thin film transistor according to the present invention
can be formed on either an insulator substrate such as a glass
substrate or a semiconductor substrate such as a single
crystal silicon. In particular, the present invention relates to
a thin film transistor fabricated through the steps of crystal-
lization and activation by thermal annealing.

2. Prior Art

Recently, active study 1s made on semiconductor devices
of 1nsulated-gate type comprising an insulator substrate
having thereon a thin film active layer (which is sometimes
referred to as “active region”). In particular, much effort is
paid on the study of insulated-gate transistors of thin film
type, i.€., the so-called thin film transistors (TFTs). The TFTs
can be classified 1nto, for example, amorphous silicon TFTs
and crystalline silicon TFTs, according to the material and
the state of the semiconductor employed in the TFT. The
term “crystalline silicon™ refers to non-single crystal silicon,
which encompasses all types of crystalline silicon except
single crystal silicon.

In general, semiconductors 1n an amorphous state have a
low electric field mobility. Accordingly, they cannot be
employed 1n TFTs intended for high speed operation.
Furthermore, the electric field mobility of a P-type amor-

phous silicon 1s extremely low. This makes the fabrication of
a P-channel TFT (a PMOS TFT) unfeasible. It is therefore

difficult to obtain a complementary MOS (CMOS) circuit
from such a P-channel TFT, because the implementation of

a CMOS circuit requires combining a P-channel TEFT with
an N-channel TFT (NMOS TFT).

In contrast to the amorphous semiconductors, crystalline
semiconductors have higher electric field mobilities, and are
therefore suitable for use 1n TFTs designed for high speed
operation. Crystalline silicon 1s further advantageous 1n that
a CMOS circuit can be easily fabricated therefrom, because
not only an NMOS TFT but also a PMOS TFT 1s available
from crystalline silicon. Furthermore, it 1s pointed out that
further improved characteristics can be obtained by estab-

lishing an LDD (lightly doped drain) structure known 1n the
conventional single crystal semiconductor MOS ICs.

An LDD structure can be obtained by the following
process steps:

forming 1sland-like semiconductor regions and a gate
insulating film;

forming a gate electrode;

introducing i1mpurities at a low concentration by 1on
implantation or 1on doping;

forming masks for the LDD region (by anisotropic etch-
ing of the msulating film covering the gate electrode, or

by selective oxidation of the anodic oxide covering the
gate electrode);

introducing i1mpurities at high concentration by 1on
implantation or 1on doping; and
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2

annealing the 1mpurities.

The most problematic 1n the above process 1s the sixth
step, 1n which the amorphous silicon 1s activated by laser
annealing or by thermal annealing. Laser annealing com-
prises 1rradiating a laser beam or an intense light having an
intensity equivalent to that of a laser beam. However, laser
annealing 1s not suitable for mass production, because the
laser beam output 1s still unstable and because the beam 1s
applied for an extremely short period of time. Furthermore,
the laser beam 1s 1rradiated from the upper side of the gate
clectrode. It then results 1n an msufficiently activated LDD
region, because the mask formed in the fourth step functions
as a shield.

A practical process at present 1s thermal annealing, which
comprises activating the impurities 1n silicon by heating.
The LDD region can be sufficiently activated, and uniform
batches can be realized by this process. However, 1n general,
the impurities 1n the silicon film must be activated by
annealing for a long period of time at about 600° C., or by
annealing at a high temperature of 1,000° C. or even higher.
The latter method, 1.e., the high temperature annealing can
be applied only to cases using quartz substrates, and the use
of such expensive substrates considerably increases the
production cost. The former process can be applied to a wide
variety of substrates. However, the use of inexpensive
substrates brings about other problems such as the shrinking
of substrates during thermal annealing, because it leads to a
low product yield due to the failure upon mask matching. It
1s therefore necessary to eifect treatments at lower tempera-
tures when such inexpensive substrates are used. More
specifically, thermal treatments are preferably performed at
temperatures not higher than the deformation temperature of
alkali-free glass generally used 1n the substrates, and more
preferably, at a temperature lower than the deformation
temperature by 50 degrees or more.

The present mvention provides a solution to the afore-
mentioned problems difficult to solve.

SUMMARY OF THE INVENTION

As a result of an extensive study of the present imnventors,
it has been found that the crystallization of a substantially
amorphous silicon film can be accelerated by adding a trace
amount of a catalyst material. In this manner, the crystalli-
zation can be effected at a lower temperature and 1n a shorter
duration of time. Preferred catalyst materials include pure
metals, i.e., nickel (N1), iron (Fe), cobalt (Co), and platinum
(Pt), or a compound such as a silicide of an element
enumerated herein. More specifically, the process according
to the present invention comprises bringing the catalyst
clements or a compound thereof as they are or 1n the form
of a coating 1n contact with amorphous silicon, or 1ntroduc-
ing the catalyst elements into the amorphous silicon film by
ion 1mplantation and the like, and then, thermally annealing

the resulting structure at a proper temperature, typically at
580° C. or lower.

Naturally, the duration of crystallization can be shortened
by increasing the annealing temperature. Furthermore, the
duration of crystallization becomes shorter and the crystal-
lization temperature becomes lower with increasing concen-
tration of nickel, iron, cobalt, or platinum. The present
inventors have found, through an extensive study, that the
crystallization 1s accelerated by incorporating at least one of
the catalytic elements above at a concentration higher than
1x10" cm™, and preferably, at a concentration of 5x10'®
cm™ or higher.

The catalyst materials enumerated above, however, are
not favorable for silicon. Accordingly, the concentration
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thereof are preferably controlled to a level as low as pos-
sible. The present inventors have found through the study
that the preferred range of the concentration in total is
2x10" c¢cm™ or lower.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(A) to 1(E) show schematically drawn step

sequential cross section structures obtained 1n a process
according to an embodiment of the present i1nvention

(Example 1); and

FIGS. 2(A) to 2(E) show schematically drawn step
sequential cross section structures obtained 1n another pro-
cess according to another embodiment of the present 1nven-
tion (Example 2).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As described 1n the summary, the present inventors have
notified the effect of the catalyst element, and have found
that the problems of the prior art processes can be overcome
by taking advantage of these eclements. Accordingly, a
process for fabricating a TFT according to an embodiment
of the present mvention comprises mtroducing the catalyst
clements into silicon which had been rendered amorphous to
lower the crystallization temperature, thereby lowering the
temperature of activating the doped impurity (i.e., the
recrystallization temperature). According to the study of the
present inventors, 1n particular, the crystallization was found
to proceed extremely rapidly when catalyst elements were
introduced 1nside silicon by means of 1on 1implantation or 10n
doping to achieve a uniform distribution. Typlcally, the
crystallization and activation were found to be effected at a
temperature of 550° C. or lower. Furthermore, annealing
was found to be completed sufficiently within 8 hours, and
typically, within 4 hours.

Furthermore, the present invention enables the crystalli-
zation of thin films having a thickness as thin as 1,000 A or
less 1n thickness. This was not possible by a conventional
thermal annealing. The present imvention provides crystal-
lized film thin films having a thickness as thin as 1,000 A or
even less at a low temperature and within a shorter period of
time. A TFT having an active region as thin as 1,000 A or
thinner, and particularly, 500 A or thinner, not only yields
excellent device characteristics, but suffers less defects at the
stepped portions of gate insulating film and gate electrodes.
It can be seen that those TFTs having thin active region are
far advantageous 1n that they can be produced at high yield.
Conventionally, however, these TF1s could be produced
only by employing laser annealing in the crystallization
process. The present invention allows the application of
thermal annealing to the technical field which was conven-
tionally dominated by laser annealing, and greatly increases
the product yield. It can be understood therefore that the
present mvention 1s of importance.

The present invention 1s illustrated 1n greater detail refer-
ring to non-limiting examples below. It should be
understood, however, that the present invention is not to be
construed as being limited thereto.

EXAMPLE 1

FIG. 1 shows the cross section view of the step sequential
structures obtained by a process according to an embodi-
ment of the present mvention. Retferring to FIG. 1, a 2,000
A thick silicon oxide film 11 was formed by sputtering as a
base film on a Corning #7059 glass substrate 10. Then, an
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intrinsic (I-type) amorphous silicon film 12 was deposited

thereon by plasma CVD to a thickness of from 500 to 1,500
A, for example, to a thickness of 1,500 A, and a 200 A thick
silicon oxide film 13 was further deposited thereon by
sputtering. Subsequently, nickel 1ons were implanted therein
by ion implantation at a dose of from 2x10" to 2x10™
cm™>, specifically for example, at a dose of 5x10'° ecm™>.
The resulting amorphous silicon film 12 was found {o
contain nickel at a concentration of about 5x10'® ecm™. This
step can be performed alternatwely by adhering a nickel
suicide film from 5 to 100 A in thickness. In such a case,
however, the silicon film 13 1s preferably not provided. Thus

was obtained a structure as shown in FIG. 1(A).

The amorphous silicon film was then crystallized by
annealing at 550° C. in nitrogen atmosphere for a duration
of 4 hours. Atter annealing, the silicon film was patterned to
form an 1sland-like silicon region 12a, and a 1,000 A thick
silicon oxide film 14 was deposited thereon by sputtering as
a gate msulating film. The sputtering process was performed
in an atmosphere containing oxygen and argon at an argon
to oxygen ratio of not higher than 0.5, for example, at a ratio
of 0.1 or lower, using silicon oxide as the target. The
temperature of the substrate during the process was main-
tained in the range of from 200 to 400° C., for example, at

250° C.

Then, a silicon film containing from 0.1 to 2% of phos-
phorus was deposited by reduced pressure CVD to a thick-
ness of from 3,000 to 8,000 A, for example, at a thickness
of 6,000 A. Preferably, the steps of depositing the silicon
oxide film and the silicon film are performed continuously.

The resulting silicon film was patterned to form a gate
electrode 15 as shown in FIG. 1(B).

Phosphorus was then mtroduced as an impurity by plasma
doping 1nto the silicon region using the gate electrode as a
mask. The doping was performed using phosphine (PH,) as
the doping gas, and applying an accelerating voltage in the
range of from 60 to 90 kV, for example, at 80 kV, to
introduce phosphorus at a dose in the range of from 1x10™
to 8x10"° ¢cm™ Phosphorus in this case was incorporated at
a dose of 2x10'° c¢m™. In this manner, N-type impurity
regions 16a and 165 were formed as shown in FIG. 1(C).

The resulting substrate was immersed into a citric acid
solution at a concentration of from 1 to 5%, and electric
current was applied to the gate electrode to allow an anodic
oxide layer 17 to grow on the surface thereof. The anodic
oxide film 1s preferably grown to a thickness of from 1,000
to 5,000 A, and particularly preferably, in the thickness
range of from 2,000 to 3,000 A. In this case, the anodic oxide
film was formed at a thickness of 2,500 A.. Phosphorus as an
impurity was 1ntroduced mto the silicon region by plasma
doping, using the gate electrode and the peripheral anodic
oxide as the mask. The doping was performed using phos-
phine (PH,) as the doping gas, and applying an accelerating
voltage 1n the range of from 60 to 90 kV, for example, at 80
kV, to introduce phosphorus at a dose in the range of from
1x10" to 8x10" cm™2, specifically for example, at a dose
of 2x10"> cm™=. In this manner, N-type impurity regions 18a
and 18b containing the impurity at high concentration were
formed. Furthermore, the previously formed LDD region
(lightly doped drain region) was partly left over because the
anodic oxide functioned as a mask. Thus was obtained a
structure as shown in FIG. 1(D).

The resulting structure was annealed at 500° C. for 4
hours 1n nitrogen gas atmosphere to activate the impurity.
The activation 1s preferably performed at a temperature
lower than that at which the previous crystallization was
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performed. In this manner, the shrinking of substrate can be
suppressed to a level as low as possible. The nickel atoms
distributed over the enfire silicon film allowed the film to
recrystallize rapidly even by a low temperature annealing.
The impurity regions 16a, 165, 18a, and 18b were activated
in this manner. It should be noticed here that the LDD
regions are suificiently activated by the thermal annealing
process according to the present invention, because this was
not possible by a conventional process employing laser
annealing. Furthermore, no jump in crystallinity was found
between the 1impurity region and the activated region.

Then, a 6,000 A thick silicon oxide film 19 was formed as
an 1nterlayer insulator by plasma CVD, and contact holes

were formed therein to establish electrodes with intercon-
nections 20 for the source and the drain regions of the TFT,
using a multilayered film comprising metallic materials,
such as titanium nitride and aluminum. The resulting struc-
ture was annealed at 350° C. for 30 minutes in hydrogen
atmosphere under a pressure of 1 atm. Thus was 1mple-
mented a complete thin film transistor as shown 1n FIG.
1(E).

The nickel concentration of the impurity region and the
active region of the TFT thus obtained was measured by
means of secondary ion mass spectroscopy (SIMS). The
impurity region was found to contain nickel at a concentra-
tion of from 1x10"® to 5x10*® cm™.

EXAMPLE 2

FIG. 2 shows the cross section view of the step sequential
structures obtained by a process according to an embodi-
ment of the present mvention. Referring to FIG. 2, a 2,000
A thick silicon oxide film 22 was formed by sputtering as a
base film on a Corning #7059 glass substrate 21. Then, an
intrinsic (I-type) amorphous silicon film was deposited
thereon by plasma CVD to a thickness of from 500 to 1,500
ﬁx, for example, to a thickness of 500 1&, and was patterned
to form an 1sland-like silicon region 23.

Then, a 1,000 A thick silicon oxide film 24 was deposited
as a gate 1nsulating film by plasma CVD using tetracthox-
ysilane (TEOS; Si(OC,Hs),) and oxygen as the starting
materials. Trichloroethylene (C,HCI;) was also added into
the starting gas material. Oxygen gas was flown into the
chamber at a rate of 400 sccm (standard cubic centimeters
per minute) before initiating the film deposition, and plasma
was generated inside the chamber while maintaining the
chamber at a total pressure 5 Pa and the substrate at a
temperature to 300° C., and applying an RF power of 150 W,
This state was held for a duration of 10 minutes. Then,
silicon oxide film was deposited by introducing oxygen,
TEOS, and trichloroethylene into the chamber at a flow rate
of 300 sccm, 15 sccm, and 2 scem, respectively. The
substrate temperature, RF power, and the total pressure
during the film deposition were maintained at 300° C., 75 W,
and 5 Pa, respectively. Upon completion of film deposition,
hydrogen gas was introduced into the chamber at such an
amount to control the pressure to 100 Torr, to effect hydro-
gen annealing at 350° C. for 35 minutes.

Subsequently, a tantalum film was deposited by sputtering
at a thickness of from 3,000 to &,000 13&, for example, at a
thickness of 6,000 A. Titanium, tungsten, molybdenum, or
silicon can be used in the place of tantalum. However, the
film must have sufficiently high heat resistance to resist
against the later activation treatment. Preferably, the depo-
sition steps of the silicon oxide film 24 and the tantalum film
arc performed continuously. The tantalum film was pat-
terned to form a gate electrode 26 having a width (channel
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length) of from 5 to 20 um for the TFT. Thus was obtained
a structure as shown in FIG. 2(A).

Phosphorus as an impurity was implanted into the silicon
region thereafter by plasma doping using the gate electrode
as the mask. The doping process was performed using
phosphine (PH) as the doping gas and applying an accel-
erating voltage of 80 kV. Phosphorus in this case was
incorporated at a dose of 2x10™ cm™. In this manner,
N-type impurity regions 26a and 265 were formed as shown
in FIG. 2(B).

Then, nickel 1ons were implanted by 1on doping using the
cgate electrode as a mask. Nickel was introduced at a dose 1n
the range of from 2x10"° to 2x10'* ¢cm™2, more specifically,
at a dose of 1x10'* cm™, for example. As a result, the
concentration of nickel in the amorphous silicon region 23

was found to be about 1x10'° ¢m™. Thus was obtained a
structure as shown in FIG. 2(C).

The surface of the tantalum 1nterconnection was subjected
to anodic oxidation to form an oxide layer 27 on the surface
thereof. The anodic oxidation was performed in an ethylene
glycol solution containing from 1 to 5% of tartaric acid.
Thus was obtained an oxide layer 2,000 A in thickness.
Phosphorus as an impurity was implanted into the silicon
region thereafter again by 1on implantation using the gate
clectrode as the mask. The doping process was performed by
applying an accelerating voltage of 80 kV. Phosphorus 1n
this case was incorporated at a dose of 2x10* cm™=. In this
manner, N-type impurity regions 28a and 28b containing the
impurity at high concentration were formed as shown 1n
FIG. 2(D).

The resulting structure was annealed at 500° C. for 4
hours in nitrogen gas atmosphere to crystallize the amor-
phous silicon film and to activate the impurity. Since nickel
1s implanted 1n the N-type impurity regions 28a and 28b as
well as 1n 26a and 26b, the activation was found to proceed
casily by the annealing. No nickel was implanted into the
active region under the gate electrode, however, crystalliza-
tion proceeded because nickel diffused from the impurity
region 26. A complete crystallization was found to occur on
a channel 10 um or less 1n length. However, 1t was found
difficult to achieve complete crystallization on a channel
exceeding 10 um 1n length. By elevating the temperature of
annealing to 550° C., crystallization was found to occur even
on a channel 20 um 1n length. Accordingly, it was found that
crystallization along the transverse direction can be accel-
erated by elevating the annealing temperature or by increas-
ing the duration of annealing.

Then, a 2,000 A thick silicon oxide film 29 was formed as
an interlayer insulator by plasma CVD using TEOS as the
material, and contact holes were formed therein to establish
clectrodes with interconnections 30 for the source and the
drain regions of the TFT, using a multilayered film com-
prising metallic materials, such as titantum nitride and
aluminum. Thus was implemented a complete thin film
transistor as shown in FIG. 2(E).

The thin film transistor thus fabricated was found to yield
an electric field mobility 1n the range of from 70 to 100
cm~/Vs at a gate voltage of 10 V, a threshold voltage of from
2.5 to 4.0 V, and a leak current of 107> A or lower upon
applying a voltage of -20 V.

The process according to the present invention comprises
clfecting the crystallization of the amorphous silicon film
and the activation of the doped 1impurities within such a short
duration of 4 hours and at a low temperature 1n the range of
from 500 to 550° C. In this manner, the throughput can be
considerably increased. Furthermore, the process according




6,023,326

7

to the present invention provides a solution to the conven-
tional problem frequently encountered in processes elfected
at temperatures not lower than 600° C.; 1.e., the low product
yield attributed to the shrinking of glass substrates.

The above fact signifies that the process according to the
present invention allows treating large-area substrates at one
time. In other words, the unit cost of a semiconductor circuit
(c.g., a matrix circuit) can be considerably lowered by
cutting out many substrates from a single large-area sub-
strate treated at one time. It can be seen that the present
invention 1s suitable for mass production, and that 1t pro-
vides devices of improved characteristics.

Among the two examples described herein, particularly
the process of the second example 1s noticeable 1n that the
crystallization of the amorphous silicon film and the acti-
vation of the impurities are effected simultaneously. In prior
art processes, the activation of the impurities was generally
performed after introducing the 1mpurities 1 a manner
similar to that described in Example 1. However, those
conventional processes elffecting the crystallization and the
activation in two steps were not preferred. Not only the steps
arec doubled, but also a discontinuity of crystal growth
ogenerates between the active region formed in the first
crystallization step and the source and drain which were
recrystallized after introducing the impurities. Such a dis-
continuity 1n crystals considerably impaired the device reli-
ability.

It can be seen from the foregoing description that the
process according to an embodiment of the present
invention, which comprises effecting the crystallization and
the activation at the same time 1s effective not only because
it simplifies the process and increases the throughput
accordingly, but also because 1t improves the device reli-
ability by providing crystals having favorable crystallinity.
Conclusively, the present invention is greatly contributory to
the 1ndustry.

While the mnvention has been described 1n detail and with
reference to specific embodiments thereof, 1t will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

What 1s claimed 1s:

1. A transistor comprising;:

a crystalline semiconductor film;

a gate electrode provided adjacent to said semiconductor
film;

a source and a drain provided in said semiconductor film;

an active region provided between said source and said
drain; and

a lightly doped region provided in said crystalline semi-
conductor film between said active region and at least
one of said source and said drain,

wherein a catalytic element 1s contained at least 1n said
lightly doped region, and concentration of said catalytic
clement is not higher than 2x10™” cm™ at least in said
lightly doped region.
2. The transistor of claim 1 wherein said concentration 1s
measured by secondary 1on mass spectroscopy.
3. The transistor of claim 1 wherein said semiconductor
f1lm 1s 1n the form of an 1sland.
4. The transistor of claim 3 wherein said semiconductor
film has a thickness of 1000 A or less.
5. The transistor of claim 1 wherein said active region
comprises a channel having a channel length of 10 um or
shorter.
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6. The transistor of claam 1 wherein said lightly doped
region contains a doping impurity at a concentration higher
than said active region and lower than said at least one of
said source and said drain.

7. A thin film transistor comprising:

a substrate having an insulating surface;
a crystalline semiconductor film formed on the msulating
surface; and
a gate electrode formed adjacent to the semiconductor
f1lm with an i1nsulating film therebetween,
wherein the semiconductor film comprises,
source and drain regions,
an active layer located between the source and drain
regions; and
lightly doped regions located 1n said crystalline semi-
conductor film between the source region and the
active layer and between the drain region and the
active layer,

wherein a catalytic element 1s contained at least in said
lightly doped regions, and concentration of said cata-
lytic element is not higher than 2x10'” ¢cm™ at least in
said lightly doped regions.

8. The transistor of claim 7 wherein the lightly doped
regions have an 1mpurity concentration higher than the
active layer and lower than the source and drain regions.

9. An mtegrated circuit comprising;

a substrate having an insulating surface; and

at least one thin film transistor formed on the insulating
surface;

wherein the thin film transistor comprises,
a crystalline semiconductor film formed on the insu-
lating surface; and
a gate electrode formed adjacent to the semiconductor
film with an insulating film therebetween, and

wherein the semiconductor film comprises,

source and drain regions,

an active layer located between the source and drain
regions; and

lightly doped regions located 1n said crystalline semi-
conductor film between the source region and the
active layer and between the drain region and the
active layer,

wherein a catalytic element 1s contained at least in said
lightly doped regions, and concentration of said cata-
Iytic element is not higher than 2x10™ c¢cm™ at least in
said lightly doped regions.

10. The circuit of claim 9 wherein the lightly doped region
have an impurity concentration higher than the active layer
and lower than the source and drain regions.

11. A thin film transistor comprising;

a substrate having an insulating surface;

a crystalline semiconductor film formed on the msulating

surface, the crystalline semiconductor film having a
thickness of 1000 A or less;

a gate electrode formed adjacent to the semiconductor
f1lm with an i1nsulating film therebetween,

wheremn the crystalline semiconductor film comprises,

source and drain regions,

an active layer located between the source and drain
regions; and

lightly doped regions located 1n said crystalline semi-
conductor film between the source region and the
active layer and between the drain region and the
active layer,

wherein a catalytic element 1s contained at least in said
lightly doped regions, and concentration of said cata-
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Iytic element is not higher than 2x10"™ cm™ at least in
said lightly doped regions.

12. The transistor of claim 11 wherein the lightly doped
region have an impurity concentration higher than the active
layer and lower than the source and drain regions.

13. The transistor of claim 1 wheremn said catalytic
clement 1s selected from the group consisting of nickel, 1ron,
cobalt, platinum, and a silicide thereof.

14. The ftransistor of claim 7 wherein said catalytic
clement 1s selected from the group consisting of nickel, 1ron,
cobalt, platinum, and a silicide thereof.

15. The circuit of claim 9 wherein said catalytic element
1s selected from the group consisting of nickel, 1ron, coballt,
platinum, and a silicide thereof.

16. The transistor of claim 11 wherein said catalytic
clement 1s selected from the group consisting of nickel, 1ron,
cobalt, platinum, and a silicide thereof.

17. A transistor comprising;:

a crystalline semiconductor film provided on a substrate;

a gate electrode provided adjacent to said semiconductor

film;
a source and a drain provided in said semiconductor film;

an active region provided between said source and said
drain; and

a lightly doped region provided 1n said crystalline semi-
conductor film between said active region and at least
one of said source and said drain,

whﬂerein said semiconductor film has a thickness of 1000
A or less, and

wherein a catalytic element 1s contained at least 1n said
lightly doped region, and concentration of said catalytic
element is not higher than 2x10'” cm™ at least in said
lightly doped region.

18. The transistor of claim 1 wherein said gate electrode
comprises tantalum and having a thickness ot 3000 to 8000
A.

19. The transistor of claim 7 wherein said gate electrode
comprises tantalum and having a thickness ot 3000 to 8000
A.

20. The circuit of claim 9 wherein said gate electrode
comprises tantalum and having a thickness ot 3000 to 8000
A.

21. The transistor of claim 11 wherein said gate electrode
comprises tantalum and having a thickness ot 3000 to 8000
A.

22. The transistor of claim 17 wherein said gate electrode
comprises tantalum and having a thickness ot 3000 to 8000
A.

23. A fransistor comprising:
a crystalline semiconductor film;

a gate electrode provided adjacent to said semiconductor
film;

a source and drain provided 1n said semiconductor film;

an active region provided between said source and said
drain; and

a lightly doped region provided in said crystalline semi-
conductor f1lm between said active region and at least
one of said source and said drain,

wherein a catalytic element 1s contained at least 1in said
lightly doped region, and concentration of said catalytic
clement is not higher than 2x10™” cm™ at least in said
lightly doped region, and

wherein phosphorus 1s contained 1n said lightly doped
region and said source and said drain.
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24. A transistor comprising;
a crystalline semiconductor film;

a gate electrode provided adjacent to said semiconductor

film;
a source and drain provided in said semiconductor film;

an active region provided between said source and said
drain; and

a lightly doped region provided in said crystalline semi-
conductor film between said active region and at least
one of said source and said drain,

wherein a catalytic element 1s contained at least in said
lightly doped region, and concentration of said catalytic
element is not higher than 2x10'” cm™ at least in said

lightly doped region, and
wheremn an 1mpurity 1s doped into said source and said

drain using phosphine.
25. A ftransistor comprising;

a crystalline semiconductor film;
a gate electrode provided adjacent to said semiconductor

film;

a pair of heavily doped regions provided in said semi-
conductor film;

an active region provided between said heavily doped
regions; and
a lightly doped region provided in said crystalline semi-

conductor film between said active region and at least
one of said heavily doped regions,

wherein a catalytic element 1s contained at least in said
lightly doped region, and concentration of said catalytic
clement is not higher than 2x10"” cm™ at least in said
lightly doped region, and

wheremn an N-type impurity 1s contained in said lightly
doped region at a concentration lower than in said
heavily doped regions.

26. A transistor comprising;:

a crystalline semiconductor film;
a gate electrode provided adjacent to said semiconductor

film;
a source and a drain provided 1n said semiconductor film;

an active region provided between said source and said
drain; and

a lightly doped region provided in said crystalline semi-
conductor film between said active region and at least
one of said source and said drain,

wherein a catalytic element 1s contained at least in said
lightly doped region, and concentration of said catalytic
element is not higher than 2x10'” cm™ at least in said

lightly doped region, and
wheremn an N-type impurity 1s contained in said lightly
doped region at a concentration lower than in said

source and said drain.
27. A ftransistor comprising;:

a crystalline semiconductor film;

a gate electrode provided adjacent to said semiconductor
film, said gate electrode comprising an clement
sclected from the group consisting of titanium,
tungsten, molybdenum, silicon and tantalum;

a source and a drain provided 1n said semiconductor film;
an active region provided between said source and said
drain; and

a lightly doped region provided in said crystalline semi-
conductor film between said active region and at least
one of said source and said drain,
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wherein a catalytic element 1s contained at least 1n said
lightly doped region, and concentration of said catalytic
element is not higher than 2x10™” cm™ at least in said
lightly doped region.

28. The transistor of claim 25 wherein said N-type 1impu-
rity 1s phosphorus.

29. The transistor of claim 26 wherein said N-type 1impu-
rity 1s phosphorus.

30. The transistor of claim 24 wherein said impurity 1s
doped at a dose of 1x10" to 8x10' cm™.

31. The transistor of claim 23 wherein said catalytic
clement 1s doped at least 1nto said source and said drain at
a dose of 2x10™ to 2x10™* cm™.

32. The transistor of claim 24 wherein said catalytic
clement 1s doped at least 1nto said source and said drain at
a dose of 2x10"° to 2x10** cm™.

33. The transistor of claim 25 wherein said catalytic

clement 1s doped at least into said heavily doped regions at
a dose of 2x10"° to 2x10** cm™.
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34. The transistor of claim 26 wherein said catalytic
clement 1s doped at least 1nto said source and said drain at

a dose of 2x10"> to 2x10™ cm™~.
35. The transistor of claim 27 wherein said catalytic

clement 1s doped at least 1nto said source and said drain at
a dose of 2x10'° to 2x10** cm™2.

36. The transistor of claim 23 wherein said phosphorus 1s
activated by heating at a temperature of 500° C. for four
hours.

37. The transistor of claim 24 wherein said 1mpurity 1s
activated by heating at a temperature of 500° C. for four
hours.

38. The transistor of claim 25 wherein said N-type impu-
rity is activated by heating at a temperature of 500° C. or
lower for four hours.

39. The transistor of claim 26 wherein said N-type 1impu-
rity is activated by heating at a temperature of 500° C. for
four hours.
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